Background: Considering the functional role of red blood cells (RBC) in maintaining oxygen supply to tissues, RBC transfusion can be a life-saving intervention in situations of severe bleeding or anemia. RBC transfusion is often inevitable to address intraoperative massive bleeding; it is a key component in safe perioperative patient management. Unlike general medical resources, packed RBCs (pRBCs) have limited availability because their supply relies entirely on voluntary donations. Additionally, excessive utilization of pRBCs may aggravate prognosis or increase the risk of developing infectious diseases. Appropriate perioperative RBC transfusion is, therefore, crucial for the management of patient safety and medical resource conservation. These concerns motivated us to develop the present clinical practice guideline for evidence-based efficient and safe perioperative RBC transfusion management considering the current clinical landscape.
Introduction
Red blood cells (RBC) play a crucial role in supplying oxygen to the tissues. In patients with acute bleeding or anemia, RBC transfusion is a life-saving intervention [1] . Each year, approximately 2 million units of packed RBCs (pRBCs) are used in Korea [2] , of which 30%-40% are used during the perioperative period, mostly involving massive transfusion. Appropriate perioperative RBC transfusion is, therefore, crucial for the management of patient safety and medical resource. RBC transfusion is essential for treating intraoperative massive bleeding, and is, therefore, an integral part of safe perioperative patient management [1, 3] . However, excessive use of pRBCs may aggravate a patient's prognosis or increase the risk of developing infectious diseases. Moreover, pRBCs are a limited medical resource, and their supply relies entirely on voluntary donations, unlike general medical resources. Due to this peculiarity of pRBCs, RBC transfusions are indicated only when strictly necessary and supported by evidence.
For these reasons, we developed the present evidence-based clinical practice guideline to ensure efficient and safe perioperative RBC transfusion. This guideline contains recommendations for decision-making related to RBC transfusion in clinical settings, aiming to minimize patient risk due to unnecessary pRBC transfusion during perioperative periods. It covers all important aspects of RBC transfusion, such as optimized hemoglobin level thresholds for RBC transfusion, restrictive preoperative and intraoperative RBC transfusion strategies, appropriate RBC storage period and leukoreduction for safe RBC transfusion, and patient monitoring during perioperative transfusion. Finally, this guideline contains items regarding the necessity of a transfusion protocol for efficient RBC transfusion tailored to the circumstances of each healthcare institution.
This guideline results from the revision and refinement of exemplary clinical practice guidelines developed and used in advanced countries, adapting the recommendations to the current clinical landscape of Korea, followed by rigorous evidence-based reassessment considering the healthcare environment of the country. We hope that this guideline will be widely used in clinical settings so that safe and optimal care can be provided when administering perioperative RBC transfusion.
Methodology

Purpose and process of guideline development
This guideline was prepared for the purpose of ensuring appropriate perioperative RBC transfusion in adult patients, and protecting them from unnecessary transfusion, and to provide strategies for efficient utilization of pRBCs as a limited medical resource. Guidelines for perioperative RBC transfusion have previously been developed and are used in individual countries across the world. Since these guidelines cannot be directly applied to Korea, it was necessary to develop a guideline tailored to the Korean healthcare environment. Therefore, we developed this guideline by the adaptation of guidelines, which is a method of clinical guideline development, i.e., by adapting recommendations from various related sources to the perioperative clinical environment of the country [4] .
Composition of guideline development group
Three groups (i.e., Development Group, Writing Group, and Advisory Group) were convened for the development of the Korean Clinical Practice Guideline for Perioperative Red Blood Cell Transfusion (hereinafter the "Guideline").
The Development Group was mainly responsible for methodological aspects, such as planning and decision-making regarding the development of the guideline, searching and selecting existing guidelines, and preparing the overall methodology for a detailed adaptation process, including evaluation, oversight of the Writing Group, review of the development process, and preparation of distribution and implementation strategies. The Writing Group performed the adaption process through discussion and opinion sharing regarding guideline development planning, selection of key questions and keywords, review and selection of the gathered guidelines, systematic extraction of recommendations and evidence for each key question, formulation of draft recommendations, and finalization of recommendations. The Advisory Group consulted on the process of guideline development during the adaptation stage, reviewed the draft recommendations, and participated in the expert panel (Delphi technique) to finalize the recommendations. The Advisory Group was composed of anesthesiologists specializing in perioperative blood transfusion, experts from societies related to blood transfusion, and research methodologists.
Overall adaptation process
In the first phase of the adaptation process, the Development Group agreed upon on the guideline development methodology. In the early development stage, the starting members performed a systematic search of related topics. They selected the Practice Guidelines for Perioperative Blood Management (2015) issued by the American Society of Anesthesiologists (ASA) [5] , reviewed the text, and decided that it would be used as a basis for the adaptation work. Concurrently, the Writing Group searched existing national and international clinical practice guidelines, evaluated all collected guidelines, and selected those to be used for the adaptation work. Next, they systematically collected the corresponding recommendations and evidence based on the predetermined key questions and evaluated the applicability of The Writing Group evaluated the clinical practice guidelines using the assessment tool, K-AGREE II (the Korean version of the Appraisal of Guidelines for Research and Evaluation II) (Appendix 2) [8, 9] . Three or more evaluators assessed each paper, assigning a score on a 7-point scale to each quality assessment item to ensure the reproducibility and accuracy of evaluation results; items with a score gap of four or more were re-evaluated. When guidelines were selected for recommendation and evidence extraction, those with few other relevant guidelines or those that were developed domestically were prioritized, despite having low scores.
Determination of the level of evidence (LOE) and grade of recommendation (GOR)
A modified Grading of Recommendations Assessments, Development and Evaluation (GRADE) approach was adopted to assign the LOE and GOR.
The LOE was classified into five levels (A, B, C, D, and G) for each key question ( Table 1 ). The GOR was classified into four grades: strong recommendation (Grade I "is recommended"), weak recommendation (Grades IIa and IIb "should be recommended" and "may be recommended, " respectively), and not recommended (Grade III "is not recommended") ( Table 2) .
Through joint discussions of the Development and Writing Groups, the GOR was assigned by comprehensively considering all related factors such as the LOE, benefit-risk, resource use, and clinical usefulness. Even when the LOE for management strategies is low, if their benefits appear to outweigh the risk, or if they are highly useful in clinical practice, the GOR was partially upgraded by a majority vote of the Development and Writing Groups. 1) Guidelines on blood transfusion, 4th edition (complete revision in 2016 
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Finalization of the clinical practice guideline
The level of agreement of the Advisory Group on the draft guideline was examined. We conducted a questionnaire-based consensus-building survey twice using the Delphi technique. Questionnaires were sent out by email, and the recipients were requested to check the chosen box with "✓" or "o" indicating the degree of consensus to the recommendations, GOR, and LOE for each key question on a 9-point scale from 1 ("Strongly disagree") through 9 ("Strongly agree"). The first questionnaire was conducted with a 2-week response deadline. The second questionnaire was formulated after the results of the first questionnaire were summarized, and then sent to the same recipients. In the second questionnaire, the same questionnaire items were used, but the response distribution of the first questionnaire for each item was also presented. The respondents who insisted on a response deviating from the normal distribution were requested to provide a detailed description of the reason. If more than half of all respondents agreed, consensus was considered to have been reached for that specific item.
After the opinions of the Advisory Group were collected and analyzed, the Development and Writing Groups modified, reevaluated, and finalized the recommendations.
The finalized guideline was reviewed internally by a panel of anesthesiologists who had not participated in guideline development, externally by related societies (Korean Society of Blood Transfusion, Korean Society for Patient Blood Management, Division of Human Blood Safety Surveillance in Korea Centers for Disease Control and Prevention) and through an opinion gathering process (over 2 weeks) via the webpage of the Korean Society of Anesthesiologists (http://www.anesthesia.or.kr/).
Users of the guideline
The target users of this guideline are anesthesiologists, other physicians in special and general hospitals, primary care physicians, military physicians, public health doctors, residents, and interns who perform blood transfusion during perioperative periods.
Provision of further information about the guideline
The full version and executive summary of the guideline can be retrieved from the website of the Korean Society of Anesthesiologists (http://www.anesthesia.or.kr/), where various transfusion-related materials are also provided. Furthermore, queries about the guideline can be posted here, which will be answered to the extent possible. 
Revision schedule
A partial or full revision of the guideline will be performed every 5 years based on the latest evidence. However, whenever new data or evidence emerge that rationally warrant revision of the guideline in relation to any aspect of RBC transfusion, it shall be revised accordingly.
Sources of research funding and disclosure of conflicts of interest
The development of this guideline was supported by the Korean Society of Anesthesiologists, which had no influence on its development. Each member of the Development and Writing Groups provided a disclosure of interest statement regarding the providers of pharmaceuticals, goods, and services related to the topics discussed in the guideline; no significant conflicts of interest were found to exist.
Guidelines
Management of preoperative anemia · Recommendation: If moderate-to-severe bleeding is expected in an anemic patient scheduled for elective surgery, appropriate treatment should be recommended considering the cause and diagnosis of anemia to reduce unnecessary RBC transfusion (LOE: G, GOR: IIa); if moderate-to-severe bleeding is expected in an anemic patient scheduled for elective surgery, preoperative iron supplementation may be recommended to reduce RBC transfusion (LOE A, GOR: IIb); if moderate-to-severe bleeding is expected in an anemic patient scheduled for elective surgery, preoperative erythropoietin therapy may be recommended to reduce unnecessary RBC transfusion (LOE: A, GOR: IIb).
Evidence summary
In patients with anemia (hemoglobin level < 13.0 g/dl for men and < 12.0 g/dl for women), the cause of anemia should be evaluated and treated properly. If necessary, for anemia treatment, postponement of elective surgery should be considered [6] . Anemia screening tests (complete blood count, ferritin test, etc.) should be performed in patients scheduled for surgery or a procedure, and if anemia is present, it should be treated according to the cause to reduce unnecessary blood transfusion. Asymptomatic chronic anemia is treated with medication depending on the cause and diagnosis (e.g., oral or intravenous iron, vitamin B12, folic acid, and erythropoietin). In case of unexplained anemia without underlying iron deficiency, a specialist should be consulted depending on its severity. Anemia caused by vitamin B12 or folate deficiency, and confirmed by preoperative assessment, should be treated prior to surgery. 1) Patients at risk of bleeding should be assessed for anemia 4-8 weeks prior to elective surgery; if anemia is identified during the screening test, its cause should be examined [10] . Appropriate preoperative treatment of anemia can reduce the need for perioperative RBC transfusion. However, side effects and additional costs should considered in relation to medication for anemia. Appropriate preoperative anemia management and treatment should be performed prior to elective surgery in consultation with anesthesiologists and surgeons.
In patients with anemia caused by iron deficiency, unless there is a compelling need for immediate surgery, oral or intravenous iron supplementation may be considered [11, 12] .
1) Randomized controlled trials examining the efficacy of preoperative oral iron supplementation have shown that the efficacy of iron supplementation therapy is unclear compared with placebo and active control in terms of hemoglobin level or perioperative allogeneic RBC transfusion [13, 14] . However, in a questionnaire survey, members and consultants of the ASA strongly supported preoperative iron supplementation in patients with iron-deficiency anemia, if time allows it [5] . Whereas preoperative improvement of hemoglobin level may reduce the frequency and amount of RBC transfusion, appropriate consideration should be given to the side effects associated with iron supplementation, such as abdominal bloating, abdominal pain, constipation, and diarrhea, as well as the cost of iron supplementation therapy. In patients with anemia without iron deficiency, erythropoietic therapy may be considered [10] . Studies in patients undergoing cardiac or orthopedic surgery revealed that perioperative transfusion was reduced in patients who had received erythropoietin preoperatively compared with the control group [15, 16] . Although preoperative improvement of hemoglobin level may reduce the frequency and amount of RBC transfusion, appropriate consideration should be given to erythropoietin-induced side effects, such as shock, hypertension, seizures, palpitation, hypertensive encephalopathy/intracerebral hemorrhage, rash, and headache.
Treatment of preoperative anemia should be determined in consultation with the patient and surgeon in charge, considering expected intraoperative blood loss, the severity of anemia, cost of medication, health insurance coverage, and other relevant factors. Regarding the acceptance and applicability in Korea, 1) Guidelines on blood transfusion, 4th edition (complete revision in 2016 
Non-RCTs on fresh versus older blood did not reveal any obvious differences in the effect of storage time on the in-hospital and 30-day post-hospitalization mortality, infectious complications, and intensive care unit or hospital stay [17] [18] [19] [20] . In addition, there is no consensus among members of the ASA regarding blood transfusion without consideration of blood storage time [5] .
AABB recommended the use of pRBC units within the recommended storage time rather than limiting the use to fresh units within 10 days after collection [7] .
A meta-analysis of 13 RCTs in patients with acute severe disease or surgical bleeding, provided no evidence that fresh RBCs were better in terms of adult mortality (RR, 1.04; 95% Cl, 0.95-1.14). In three RCTs analyzing the correlation between RBC storage period and clinical outcome, the 30-day mortality was higher in the fresh RBC group by 4 per 1,000 patients (95% CI, five fewer deaths to 14 more deaths per 1000). Those trials yielded no evidence that administration of pRBCs within the recommended storage time increased the adverse events compared to fresh RBCs; however, the quality of evidence was low. Rather, fresh RBC transfusion was associated with a higher risk of nosocomial infections. In related studies, there were 43 nosocomial infections per 1000 patients (95% CI, 1-86 more nosocomial infections per 1000 patients); however, the level of evidence was low [21] [22] [23] [24] .
Large-scale RCTs conducted in more than 5,000 patients in various clinical settings have yielded consistent results; there is no evidence that fresh pRBC transfusion reduces mortality. However, clinical trials conducted on the pRBC storage period to date have not considered patient factors, such as massive transfusion or exchange transfusion [7] . [25, 26] ; thus, the use of leukoreduced/filtered RBCs has been recommended.
Utilization of leukoreduction for RBC transfusion
FNHTR occur in about 1% of all blood transfusions. An FNHTR is believed to have two etiologies: cytokines accumulated in pRBCs and the pyrogenic effects of IL-1 released by the patient's monocytes while host antibodies are reacting against donor leukocytes. FNHTRs can be efficiently addressed by reducing the leukocyte count by 90%-99%. Highly efficient third-generation leukoreduction filters can reduce leukocytes by 9.9%-99.99% [27, 28] .
HLAs expressed on the surface of donor leukocytes induce HLA antigens in multi-transfused patients. Such alloimmunization increases the risk of graft rejection in patients awaiting transplantation and triggers platelet refraction in patients requiring repeated platelet transfusions, which make treatment very difficult. Leukoreduced transfusion can effectively prevent alloimmunization [29] .
Monocytes are latently infected with cytomegalovirus (CMV). Both CMV and monocytes can be efficiently removed by leukoreduction. Leukoreduced transfusion can prevent CMV transmission as efficiently as CMV-negative transfusion [30] .
Leukoreduced transfusion was shown to reduce ischemia-reperfusion injury in patients who had undergone cardiopulmonary bypass, and to reduce postoperative morbidity and mortality in patients with cardiovascular diseases [31, 32] .
For these reasons, the use of prestorage leukoreduced pRBCs,
with leukoreduction performed immediately after collection, is a global trend, and universal leukoreduction is legally mandated in over 20 countries. This requires further consideration, given that leukoreduced/filtered pRBCs are reimbursed only for patients meeting criteria for insurance coverage in Korea, despite the recommendation of leukoreduction before RBC transfusion.
Reversal of perioperative bleeding tendency
Warfarin reversal · Recommendation: In cases where rapid reversal of the anticoagulant effect of warfarin is necessary for patients scheduled for surgery, administration of fresh frozen plasma (FFP) or prothrombin complex concentrate (PCC) should be considered. Unless immediate warfarin reversal is required, the use of vitamin K should be considered (LOE: B; GOR: IIa).
Evidence summary:
Reversing the effects of warfarin, a vitamin K-dependent anticoagulant, is based largely on three methods: administration of FFP, PCC, and vitamin K. If rapid warfarin reversal is required, FFP or PCC administration should be considered.
Since FFP is a blood product that contains blood-clotting factors, it has been used to reverse anticoagulation. However, administration of large amounts of FFP in the absence of clinical bleeding can result in circulatory overload, which carries the risk of various side effects, which typically arise from inadequate management and administration of blood products. Accordingly, the benefits of FFP are outweighed by the associated risks [5] . Therefore, FFP is not prioritized over alternative concentrates for warfarin reversal; however, since the use of other coagulation factors as safe alternatives to FFP is currently difficult in Korea, FFP administration should be considered for immediate warfarin reversal.
The use of PCC is on the rise, especially in Europe; it has been reported that normalization of prothrombin time (PT) can be achieved efficiently with a small amount of PCC. PCC has increasingly been employed worldwide, and its efficacy has been demonstrated in various ways.
Two types of PCC products exist: a three-factor PCC (factors II, IX, and X) and a four-factor PCC (factors II, VII, IX, and X). Observational studies and case reports have shown that PCC can significantly reduce PT levels. It can rapidly correct bleeding tendencies at much lower concentrations than FFP. Additionally, PCC is a non-blood product and thus works independently of blood type, and can avoid transfusion reactions such as infections, transfusion associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI), and immunomodulation [33] . However, care should be taken to avoid hypercoagulation. According to reports, 0.003% of patients administered preoperatively with four-factor PCC develop thrombotic or ischemic complications [34, 35] . PCC is now the treatment of choice in many guidelines worldwide; however, it has not yet been introduced in Korea.
The administration of vitamin K should be considered unless immediate reversal is required. When vitamin K is administered intravenously, reversal occurs in 4-6 hours, much faster than with oral vitamin K (24 hours) [36] ; however, immediate effects cannot be expected in an emergency.
Preoperative anticoagulant and antiplatelet medications
· Recommendation: In patients scheduled for elective surgery, anticoagulant medication (e.g., warfarin, new oral anticoagulant [NOAC]) can be discontinued considering the risks and benefits in consultation with a specialist. When necessary, the use of a short-acting anticoagulant replacement (e.g., heparin, low-molecular-weight heparin) is continued until immediately before the surgery. Except for a history of coronary-artery stent procedures associated with ischemic heart disease, temporary discontinuation of antiplatelet medication (e.g., thienopyridines such as clopidogrel, ticagrelor, or prasugrel) may be considered, allowing sufficient time for anticoagulation reversal, in consultation with a specialist. Continuous use of aspirin may be considered on a case-by-case basis (LOE: A, B; GOR: IIb).
Evidence summary:
In patients with unexplained intraoperative bleeding who have been treated with anticoagulant or antiplatelet medications, a decision should be made on whether to continue or discontinue the medication. Two types of antithrombotic therapy exist: anticoagulation therapy to control the coagulation cascade, and antiplatelet therapy to reduce platelet activation (platelet adhesion, activation, and aggregation steps).
In a study comparing "low-molecular-weight heparin substituting for warfarin" and "warfarin cessation" groups, no significant intergroup differences were observed in the frequency of transfusion [37] . However, considering the risks of surgical bleeding and the benefits of avoiding stent thrombosis, it may be necessary to interrupt anticoagulation or continue bridge therapy with heparin or low molecular-weight heparin.
However, the efficacy of heparin substitution has not been clearly demonstrated in patients receiving antiplatelet medication due to ischemic heart disease. This is because stent thrombosis, which is a major factor in major adverse cardiac events, is caused by the action of platelets rather than coagulation factors in patients with ischemic heart disease. Coronary artery stenting has become increasingly widespread in recent years, with an increasing number of patients receiving dual antiplatelet therapy. Since anti-platelet agents developed to date irreversibly inhibit platelets, it has not been possible to use bridge therapy because
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In case of emergency surgery in a life-threatening condition with a high risk of bleeding, medication should be discontinued prior to surgery after informed consent is received, regardless of stenting status. If there is insufficient time to wait for the effects of medication to wear off, surgery should be performed immediately. Since two antiplatelet agents are routinely used for 12 months in patients with acute coronary syndrome regardless of stenting status, surgery is postponed or conducted under medication, except for emergency or cancer surgery. Today, bare metal stents are rarely used, and patients subjected to drug-eluting stent implantation, which is the mainstay of coronary stenting, may discontinue medication after 3 months depending on the surgical need and bleeding risk. However, in cases of increased risk of stent thrombosis associated with the number of stents implanted or increased vulnerability to high-severity thrombosis due to stents deployed at a proximal position, particular care should be taken on the decision to withdraw medication, regardless of its timing. Antiplatelet medication may be discontinued without consideration of the risks if the stents are not placed on major vessels, such as left anterior descending, left circumflex, and right coronary artery, but on smaller vessels such as obtuse marginal and diagonal branches, or are very distally placed such that stent thrombosis would not be life-threatening. In the case of surgery with a low risk of bleeding, the use of at least one antiplatelet agent is appropriate.
Observational studies demonstrated that intraoperative blood loss was significantly lower in patients who had discontinued clopidogrel therapy within 5 days of surgery compared with those who had discontinued clopidogrel therapy on the day of surgery; that there was no significant difference between 3-and 5-day groups. Additionally, the use of clopidogrel significantly increased intraoperative blood loss and the amount of transfusion required [38, 39] . Regarding aspirin, no significant differences were reported between groups of patients exposed and not exposed to aspirin in the amounts of perioperative blood loss and transfusion, and in the incidence of postoperative complications (myocardial infarction, severe bleeding, and death) [40] . However, the efficacy and impact of discontinuing aspirin therapy remain unclear. Continuous aspirin therapy is recommended in many clinical practice guidelines despite the high risk of bleeding; therefore, decisions on its cessation or continuation are permitted considering the risk of thrombosis and bleeding and the option of bridging therapy. Antiplatelet agents have not yet been developed for effective bridge therapy. Cangrelor, a reversible antiplatelet agent, has been developed and used as a bridge therapy for antiplatelet agents under FDA approval; however, it
has not yet been introduced in Korea, and its efficacy and safety have not been confirmed. Intravenous glycoprotein IIb/IIIa inhibitors such as tirofiban are currently available in Korea, but care should be taken given the reported risk of bleeding events. Pending the development of stents using a new material that can reduce the duration of medication, and the development of safe and reversible antiplatelet agents ensuring safe treatment, careful decision-making among related specialists is required, weighing the risk of bleeding with the risk of thrombotic cardiovascular adverse events.
Strategies for perioperative RBC transfusion: restrictive or liberal · Recommendation: In hemodynamically stable patients, a restrictive transfusion strategy, i.e., transfusing at a hemoglobin level lower than 7 g/dl, is recommended over a liberal transfusion strategy, i.e. transfusing at a hemoglobin level lower than 10 g/dl (LOE: A, G; GOR: I). In patients undergoing major orthopedic or cardiac surgery, and in those with underlying cardiovascular disease, a restrictive transfusion strategy, i.e., transfusing at a hemoglobin level lower than 8 g/dl, is recommended (LOE: A, G; GOR: IIa).
Evidence summary:
The 2015 ASA Practice Guidelines for Perioperative Blood Management include a subsection dedicated to restrictive versus liberal transfusion strategies [5] , wherein baseline hemoglobin levels lower than 8 g/dl (or hematocrit values less than 25%) are typically considered to be restrictive. Citing a meta-analysis of RCTs, it states that a restrictive transfusion strategy reduces RBC transfusions compared with a liberal transfusion strategy without increasing mortality, the incidence of cardiac, neurological, or respiratory complications, and the length of hospital stay.
The 2016 guidelines of the AABB state that a hemoglobin level of 7-8 g/dl is a restrictive RBC transfusion threshold and 9-10 g/dl is a liberal RBC transfusion threshold [7] . These values are based on evidence from multiple large-scale RCTs conducted in various clinical settings involving more than 12,000 patients. The AABB recommends 7-8 g/dl as the target hemoglobin level for RBC transfusion among hemodynamically stable inpatients. It also reports that, except in patients with acute myocardial infarction, there is no evidence that a restrictive transfusion strategy carries a higher risk than a liberal transfusion strategy, and that a restrictive transfusion strategy is associated with a decrease in the amount of blood products ordered, related costs, and incidence of rare but potentially serious transfusion reactions.
The AABB recommends two different hemoglobin levels for RBC transfusion in two patient groups, especially when
adopting a restrictive transfusion strategy. For the first group, hemodynamically stable inpatients including those under intensive care, a hemoglobin level of 7 g/dl is recommended as a restrictive RBC transfusion threshold. For the second group, patients undergoing orthopedic or cardiac surgery, and those with preexisting cardiovascular disease, a hemoglobin level of 8 g/dl is recommended as a restrictive RBC transfusion threshold. Orthopedic and cardiac surgery patients were included as the second group because most RCTs have involved these two surgical procedures. The threshold value of 8 g/dl recommended for the second patient group, compared with the first patient group including ICU patients, reflects the threshold value indicated by related RCTs, and was 8 g/dl rather than 7 g/dl. Although the AABB Clinical Transfusion Medicine Committee suspected that patients in the second group might tolerate a threshold hemoglobin level of 7 g/dl for a restrictive transfusion strategy, it recommended 8 g/dl for this patient group. This was because a threshold level of 7 g/dl had not been assessed in any RCT, and it was unclear if it could adversely affect functional recovery (in patients undergoing major orthopedic surgery) or myocardial infarction rates (in patients undergoing cardiac surgery or with chronic cardiovascular disease), even though it did not affect mortality.
Most RCTs on which the AABB recommendation for patients undergoing orthopedic surgery were based, included patients undergoing proximal femoral fracture surgery [41] [42] [43] . We therefore replaced "orthopedic surgery" as stated in the AABB recommendations with "major orthopedic surgery. " The AABB guidelines recommended a hemoglobin level of 8 g/dl as a restrictive RBC transfusion threshold for patients undergoing cardiac surgery. A recent large-scale multicenter clinical trial, including 5,243 patients undergoing cardiac surgery who were at moderate-to-high risk of postoperative mortality, reported that a restrictive transfusion strategy of transfusing at a hemoglobin level lower than 7.5 g/dl after anesthesia, reduced the intra-and postoperative RBC transfusion requirements compared with a liberal transfusion strategy of transfusing at a hemoglobin level lower than 9.5 g/dl. Equivalent composite outcomes were reported, including all-cause mortality, myocardial infarction, stroke, and new-onset kidney failure requiring dialysis [44] . This trial was the largest of its kind, in terms of the number of patients undergoing cardiac surgery, to investigate the hemoglobin levels for RBC transfusion. If the results of such large-scale RCTs are reflected in future guideline updates, more clearly defined recommendations will be issued regarding hemoglobin levels for a restrictive transfusion strategy in patients undergoing cardiac surgery.
Notably, the AABB recommended no hemoglobin levels for a restrictive or liberal transfusion strategy in patients with acute coronary syndrome among those with underlying cardiovascular disease. This subgroup was not included because the AABB Committee found that the sample size of 154 was not large enough to provide reliable evidence, although a liberal transfusion strategy was associated with lower mortality in two small trials [45, 46] . By not presenting recommendations based on clinical settings with insufficient evidential backup, the AABB Committee have allowed for flexible decision-making by clinicians in the setting of threshold values for transfusion initiation.
However, a meta-analysis conducted in 2016 reported that a restrictive transfusion strategy (hemoglobin level < 8.0 g/dl) for patients with acute and chronic cardiovascular diseases increased the risk of acute coronary syndrome. In addition, it was noted that it is desirable to retain a liberal transfusion strategy (hemoglobin level ≥ 8.0 g/dl) until evidence is presented to the contrary from large-scale RCTs [47] . In the fourth edition of the 2016 transfusion guideline published in Korea, 1) different hemoglobin levels are recommended for patients with cardiovascular diseases depending on the condition of individual patients: < 8.0 g/dl in stable and asymptomatic patients, 8-10 g/dl in patients with acute coronary syndrome (e.g., acute myocardial infarction) or unstable angina, and 10 g/dl in patients with evolving or symptomatic myocardial ischemia. Therefore, pending the results of an ongoing large-scale RCT (ClinicalTrials.gov Identifier: NCT02981407), a liberal transfusion strategy appears desirable in patients with acute coronary syndrome.
Perioperative blood management protocols
Multimodal protocols
· Recommendation: The use of multimodal protocols and algorithms should be considered as strategies to reduce perioperative blood product utilization (LOE: A, G; GOR: IIa).
Evidence summary: The 2015 ASA Practice Guidelines for Perioperative Blood Management recommended that multimodal protocols or algorithms may be employed as a strategy to reduce perioperative blood product utilization [5] . However, the ASA has not yet recommended any single protocol or algorithm. Intervention components of a multimodal protocol include transfusion-related expert consultation, the use of transfusion algorithms, point-of-care testing, and perioperative blood-saving measures. Multimodal protocols or algorithms are used to 1) Guidelines on blood transfusion, 4th edition (complete revision in 2016 Korean guideline for RBC transfusion determine whether transfusion is necessary or when selecting intervention pathways customized to individual clinical settings [5] .
RCTs comparing transfusion management that applies multimodal protocols or algorithms based on coagulation tests or hemoglobin levels, with routine transfusion management have yielded varying results [48] [49] [50] . Whereas transfusions after cardiac surgery based on an on-site coagulation monitoring algorithm revealed no significant differences in the hemostatic effect [48] , the implementation of a transfusion algorithm based on a coagulation test during cardiac surgery reduced the levels of FFP and platelet transfusion [49] . The implementation of a comprehensive blood conservation algorithm was reported to reduce the frequency of allogeneic transfusion during hip surgery [50] . Transfusion management based on a thromboelastography (TEG)-guided algorithm in cardiac surgery has been reported to reduce transfusion requirements compared with conventional transfusion management based on clinical decision and routine coagulation tests [51, 52] . According to an RCT, transfusion management of burn patients using a rotational thromboelastometry (ROTEM)-guided algorithm reduced the blood transfusion requirements compared with transfusion management without use of the algorithm [53] . These studies reported on transfusion protocols or algorithms that involve various intervention components, but did not present the effects of any individual intervention component on outcome. The implementation of multimodal protocols or algorithms has the advantage of reducing the frequency and amount of blood transfusion; however, the increased number of tests at different stages of an algorithm may increase healthcare expenditure.
Massive transfusion protocols
· Recommendation: Implementation of a massive transfusion protocol may be considered in a patient with massive bleeding as a strategy to optimize the delivery of blood products (LOE: C, G, GOR: IIb).
Evidence summary: Guidelines on the implementation of massive transfusion protocols in patients with massive bleeding requiring such a transfusion recommend that these protocols may be used as a strategy to optimize the delivery of blood products [5, 6] . Massive transfusion protocols can be implemented to minimize the adverse effects of hypovolemia and dilutional coagulopathy in case of life-threatening massive surgical or traumatic bleeding requiring large amounts of available blood resources [5] . A massive transfusion protocol should include recognition, communication, rapid delivery of blood products, and the involvement of appropriate surgery and intervention radiology.
Massive bleeding can be defined as blood loss of ≥ 5 L in the first 24 hours (around 70 ml/kg or 5 L in a 70 kg adult), or ≥ 50% of the total blood volume in the first 3 hours, or ≥ 150 ml/ min. Clinically, it can be defined as systolic blood pressure ≤ 90 mmHg and/or a heart rate ≥ 110 beats/min [6] . Massive transfusion is defined as transfusing 8-10 units in less than 24 hours or 4-5 units in less than 1 hour. The standard pRBC:FFP:platelet ratio suggested by massive transfusion protocols for patients with life-threatening hemorrhage is 1 : 1 : 1 [5] , whereby each of these blood products is issued in a pack of 4-6 units. Types of blood available for emergency transfusion of patients with unknown blood type are group O for pRBCs and group AB for FFP and platelets. Group O RhD-negative pRBC is recommended, but RhD-positive pRBC may be used if RhD-negative pRBC is not available. An observational study reported that onsite implementation of a massive transfusion protocol resulted in a higher FFP:pRBC transfusion ratio and a decrease in the use of crystalloid, with a normal body temperature and raised hemoglobin level [54] . Mass transfusion protocols can be used as life-saving transfusion protocols in patients with life-threatening massive hemorrhage. However, utilization of large amounts of blood products for one patient raises concerns about the allocation of limited blood products, and delays in delivery to other patients in need of transfusion due to the continued preparation for massive transfusion.
Maximal surgical blood-order schedule · Recommendation: A maximal surgical blood-order schedule adjusted to each institution's policy may be considered as a strategy to improve the efficiency of blood-ordering practices, (LOE: B, G; GOR: IIb).
Evidence summary:
The 2015 ASA Practice Guidelines for Perioperative Blood Management recommended that a maximum surgical blood-order schedule may be used as a strategy to improve the efficiency of blood-ordering practices [5] .
Observational studies reported that preparing blood products according to a maximal surgical blood-order schedule or surgical blood-order equation reduces unnecessary transfusions and prescription errors, thus improving operating room efficiency, patient safety, and reducing healthcare costs [55] [56] [57] . An RCT reported that the surgical blood-order equation was more efficient than the maximum surgical blood-order schedule at reducing the crossmatch-to-transfusion ratio in total hip arthroplasty [58] .
A maximal surgical blood-order schedule should be specifically implemented based on the statistics of the electronic medical records of the individual institution, and updated on a regular basis through the periodic analysis of order volume and utilization of blood products. Implementation of a maximal sur-
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gical blood-order system has the advantages of avoiding unnecessary cross-match testing, reducing the waste of issued units, and allocating blood products with limited availability more efficiently to non-surgical patients. However, it does not provide allowances for emergency transfusions in the case of blood loss that exceeds the anticipated amount. This should be addressed by establishing an institutional framework that ensures the availability of a stock of blood products that can be delivered immediately in emergencies.
Strategies to reduce RBC transfusions
Preadmission donation of autologous blood and acute normovolemic hemodilution · Recommendation: As a strategy to reduce pRBC transfusion, preadmission donation of autologous blood may be considered, if there is sufficient time for RBC regeneration prior to surgery (LOE: A, G; GOR: IIb). As a strategy to reduce pRBC transfusion, acute normovolemic hemodilution may be considered in patients at high risk for massive bleeding (e.g., cardiac, thoracic, major orthopedic, and hepatic surgery) (LOE: A, G; GOR: IIb).
Evidence summary: RCTs have reported that preadmission donation of autologous blood reduces transfusion rates and the volume of blood transfused [59, 60] . The 2015 ASA Practice Guidelines for Perioperative Blood Management stated that a patient preferring autologous blood should be given the opportunity for preadmission donation of autologous blood only if there is sufficient time for RBC regeneration prior to surgery [5] . The transfusion of autologous blood does not prevent clerical errors and side effects, such as transfusion-related bacterial infections. Furthermore, the acceptability of this procedure is considered low in Korea, due to patient discomfort associated with repeated in-hospital treatments, the burden of increased medical costs, and the limited choice of surgical appointments.
Related RCTs have reported that acute normovolemic hemodilution is effective at reducing the transfusion rates and blood volume transfused in patients undergoing cardiac, orthopedic, thoracic, and hepatic surgery [61] [62] [63] . A recent meta-analysis of RCTs examining the efficacy of acute normovolemic hemodilution in cardiac surgery also concluded that this strategy reduced transfusion rates, the volume of blood transfused, and blood loss [64] . However, other meta-analyses have raised concerns about the true efficacy and safety of the procedure [65, 66] . In addition, the degree of hemodilution varies between studies, and the safe range of hemodilution remaining unclear. Despite the proven efficacy of acute normovolemic hemodilution at reducing the volume of blood transfused and the transfusion rate in surgery during which massive bleeding is expected [62, 63, 67] , its benefits in the case of mild bleeding have yet to be verified. Additionally, there could be problems with blood storage and management. Moreover, the use of this strategy is limited in patients with hypovolemia, anemia, or ischemic disease. The physiological effects of acute normovolemic hemodilution are not clearly understood; it is difficult to examine the physiological effects of this strategy in a clinical trial because the topic touches on issues of patient safety and ethics. To address this, a study exploring an experimental research model is underway [68] . Acute normovolemic hemodilution has great potential for acceptability because patients feel reasonably comfortable with it; however, it is only applicable when sufficient time and human and material resources are available for blood collection.
Use of antifibrinolytic · Recommendation: As a strategy to reduce pRBC transfusion in patients undergoing cardiopulmonary bypass, the use of antifibrinolytics is recommended (I). The use of antifibrinolytics should be considered for the prevention of excessive bleeding associated with major orthopedic surgery, liver surgery, and other invasive procedures (IIa) (LOE: A, G; GOR: I/IIa).
Evidence summary Tranexamic acid (TXA):
TXA is a synthetic derivative of the amino acid lysine, which competitively inhibits plasminogen activation, thus preventing impaired fibrinolysis. TXA is distributed throughout all body tissues and has a plasma half-life of 120 min. It is used in surgical procedures for its ability to reduce blood loss and the need for transfusion.
Meta-analyses of RCTs indicate that preoperative or intraoperative administration of TXA to prevent excessive bleeding significantly reduces perioperative blood loss, the number of patients receiving transfusion, and the volume of blood projects transfused [69] [70] [71] . Other randomized trials comparing TXA with placebo or control reported no intergroup differences in reoperation and mortality due to stroke or myocardial infarction, renal insufficiency, and hemorrhage [72, 73] .
Meta-analyses of RCTs have reported that TXA administration before tourniquet release to prevent excessive bleeding after total knee arthroplasty and total hip arthroplasty could reduce bleeding compared with a placebo group [70, 71] . In contrast, one RCT reported that postoperative TXA administration to patients undergoing cardiac surgery had no effect until 12 hours after the procedure [74] .
Seizures have been reported with high doses of TXA, but evidence of other adverse effects is limited [75] . However, given that few studies have been conducted in TXA-treated patients at high risk of thromboembolism, and few guidelines or protocols refer to such cases, we present a list of contraindications, relying on expert opinions, as follows. Absolute contraindications
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Korean guideline for RBC transfusion include a history of thromboembolic disease, disseminated intravascular coagulation or consumptive coagulopathy, renal insufficiency, coronary artery or intravascular stenting in the preceding 6-12 months, and acute subarachnoid hemorrhage; Relative contraindications may include uncontrollable seizures, renal insufficiency, high risk of intravascular embolism, history of coagulopathy, and oral anticoagulant medication.
Among various possible doses, a single dose of 1 g is recommended, and additional infusion of 500 mg/h may be considered [76] .
ε-aminocaproic acid: ε-aminocaproic acid (EACA) is a synthetic amino acid that inhibits plasminogen activator and plasmin and thus indirectly inhibits fibrinolysis. Its potency is about 10-fold lower than that of TXA. A loading dose of 150 mg/kg is administered, followed by a continuous infusion of 15 mg/kg/h. Its initial elimination half-life is 60-75 min, and the agent should be infused continuously to maintain its therapeutic effect until the risk of bleeding diminishes. EACA may be a potential alternative to TXA when the latter is unavailable. If the use of TXA is difficult, EACA may be a potential alternative. Meta-analyses of RCTs have reported that preoperative or intraoperative EACA administration is effective at reducing perioperative blood loss, the number of patients receiving transfusions in major cardiac, orthopedic, and hepatic surgery, and the volume of blood transfused [69, 71, 77] . An RCT comparing EACA with placebo found that administrating EACA prior to tourniquet release to prevent excessive bleeding after total knee arthroplasty reduced blood loss and the need for RBC transfusion [71] .
Aprotinin: Aprotinin is a serine protease inhibitor that inhibits fibrinolysis by inactivating free plasmin. This antifibrinolytic agent was withdrawn from the market in 2007 for safety reasons due to its adverse effect on renal function and the high incidence of anaphylactic reactions. Currently, its use is approved only for myocardial revascularization, such as coronary artery bypass surgery [78] .
Use of intraoperative blood salvage · Recommendation: As a strategy to reduce pRBC transfusion, intraoperative blood salvage is recommended for the indicated conditions (LOE: A, G; GOR: I). Intraoperative blood salvage should be considered to reduce intraoperative pRBC transfusion in the following cases: (1) blood loss of ≥ 1,000 ml or ≥ 20% of the expected blood loss; (2) low hemoglobin levels and high risk of bleeding; (3) rare blood group or multiple unexpected antibodies; and (4) the patient's refusal to receive allogenic blood transfusion (LOE: A, B, G; GOR: IIa). The use of leukoreduction filters may be considered when reinfusing the recovered RBCs (IIb). In particular, to reduce the risk of amniotic fluid embolism in obstetric surgery, and the risk of metastasis in cancer surgery, the use of microfine filters (e.g., Log 5 cell filter) should be considered (IIa) (LOE: A, B, G; GOR: IIb/IIa).
Evidence summary: Intraoperative blood salvage, also called autotransfusion, is an important blood conservation strategy that efficiently reduces the volume of blood transfused during surgery. Many RCTs, meta-analyses, and transfusion guidelines have demonstrated its efficacy in a variety of surgical interventions, including cardiac, vascular, orthopedic, and obstetric surgery [5, 6, [79] [80] [81] [82] . Different guidelines are focused on slightly different indications; however, all recommend it in cases where reduction of RBC transfusion is required, for example, anticipated massive bleeding, ongoing uncontrolled bleeding, or difficulty in preparing pRBCs for any reasons [6] .
The use of leukoreduction filters is recommended when reinfusing recovered blood [5, 6] . In particular, many studies have demonstrated that risks of systemic metastasis in cancer surgery and amniotic fluid embolism in obstetric surgery can be avoided by using leukoreduction filters [6, [83] [84] [85] [86] [87] . Recent retrospective studies found no intergroup differences in cancer recurrence and survival rate between autotransfusion and non-transfusion groups among patients undergoing radical prostatectomy or radical cystectomy [83, 84] . In addition, one prospective study reported that autotransfusion during hepatocellular carcinoma surgery had no effect on recurrence rates [85] . However, to ensure safe blood salvage during cancer surgery, it is recommended to use leukoreduction filters and to exclude the area near the tumor site from blood suction [6] . There are theoretical concerns that blood salvage during obstetric surgery may increase the risk of amniotic fluid embolism; however, this has not yet been reported in association with intraoperative blood salvage, and recent studies have reported that leukoreduction filters efficiently reduce the risk of contamination through amniotic fluid and fetal RBCs [86, 87] .
In general, intraoperative blood salvage is not recommended in the presence of bowel contamination caused by stagnant gastrointestinal content. Although several studies, including RCTs, have reported that intraoperative blood salvage does not increase the incidence of wound infections, and is not associated with pathogens that cause postoperative pneumonia and urinary tract infections in patients undergoing laparotomy for abdominal trauma [88, 89] , many manufacturers state bowel contamination as a contraindication for intraoperative blood salvage. More research needs to be conducted to address this.
Perioperative patient monitoring
Monitoring for surgical site bleeding · Recommendation: To ensure adequate care depending on the cause of bleeding, e.g., bleeding due to trauma or microvascular bleeding due to coagulopathy, it is recommended to
periodically conduct a visual assessment of the surgical site jointly with the surgeon (LOE: G; GOR: I). For quantitative measurement of intraoperative blood loss, it is recommended to use standard methods, including checking suction canisters, surgical sponges, and surgical drains (LOE: G; GOR: I).
Evidence summary:
The 2015 ASA Practice Guidelines suggested the need for periodic visual assessment of surgical site bleeding in patients undergoing surgery. It recommended careful periodic visual assessment of the surgical field jointly with the surgeon to determine the extent and cause of bleeding, and the use of standard methods for the quantitative measurement of blood loss, including the examination of suction canisters, surgical sponges, and surgical drains [5] . Although limited literature on perioperative visual surveillance of surgical site bleeding and methods of measuring quantitative blood loss is available, there was strong consensus among clinical practice guideline committee and advisory committee members on the need for such monitoring.
It is important to periodically check surgical site bleeding jointly with the surgeon to confirm whether the bleeding is due to injury (trauma or incision) or coagulopathy, and to provide appropriate care accordingly. Quantitative assessment of intraoperative blood loss is also important to determine the extent of circulatory blood loss in the patient. Visual assessment of the extent and cause of bleeding is subject to the judgment of the anesthesiologist and the surgeon, and over-or under-estimation of lost blood can occur due to fluids other than blood (i.e., ascites or peritoneal lavage fluids). In conclusion, careful periodic intraoperative visual assessment is necessary to ensure the extent and cause of bleeding is accurately diagnosed, and to obtain onsite measures to reduce bleeding.
Monitoring the perfusion of vital organs
· Recommendation: In case of intraoperative transfusion, it is recommended to monitor the perfusion of vital organs using standard parameters (blood pressure, heart rate, oxygen saturation, electrocardiography, and body temperature) in addition to observing the patient's clinical symptoms and physical examination features (LOE: G; GOR: I). Additional monitoring, including echocardiography, urine output, cerebral function (noninvasive cerebral oximetry and near-infrared spectroscopy), arterial blood gasses, and mixed venous oxygen saturation may be considered (LOE: G; GOR: IIb).
Evidence summary:
The 2015 ASA Practice Guidelines suggested the need to adequately monitor the perfusion of vital organs after intraoperative RBC transfusion. It recommended the use of standard monitors and checking the patient's clinical symptoms and physical examination features, with additional monitoring of echocardiography, urine output, cerebral function, arterial blood gasses, and mixed venous oxygen saturation [5] . Literature focused on the monitoring of vital organ perfusion after RBC transfusion and transfusion-related clinical outcomes is limited; however, there was strong consensus among the clinical practice guideline committee and advisory committee members on the need for such monitoring.
After RBC transfusion, the perfusion status of vital organs should be assessed using perfusion monitors, and adequate treatment should be provided to ensure appropriate transfusion. However, the post-transfusion perfusion status of vital organs does not guarantee improved tissue oxygenation of vital organs [90] . The costs associated with additional examinations should also be considered. To conclude, in addition to checking the patient's clinical symptoms and physical examination features after RBC transfusion, it is necessary to assess the perfusion status of vital organs using standard parameters (blood pressure, heart rate, oxygen saturation, electrocardiography, and body temperature). Performing additional examinations is expected to enhance diagnostic accuracy regarding the perfusion status of vital organs.
Monitoring for anemia
· Recommendation: In hemodynamically stable patients, if anemia is suspected due to bleeding or based on clinical signs and other objective indicators (e.g., blood pressure, heart rate, arterial oxygen saturation, electrocardiography, urine output, and cerebral oxygen saturation), measurement of hemoglobin or hematocrit is recommended (LOE: C, D, G; GOR: I). In hemodynamically stable patients without acute bleeding, hemoglobin or hematocrit measurement may be considered before and after each unit of RBC transfused. Since over-or underestimation of hemoglobin or hematocrit levels can occur due to hemoconcentration (in the case of acute bleeding) or hemodilution (in the case of fluid infusion), respectively, care should be taken when interpreting the measured values, and measurements at shorter intervals may be considered (LOE: C, D, G; GOR: IIb). Although laboratory measurement of hemoglobin or hematocrit remains the gold standard, measurement via near-patient or point-ofcare testing may be considered in cases such as those involving acute bleeding where test results should be obtained rapidly to provide the necessary care (LOE: C, D; GOR: IIb).
Evidence summary: Although the efficacy of monitoring for perioperative anemia has not been sufficiently researched, if anemia is suspected due to bleeding or based on clinical signs and other objective indicators (e.g., blood pressure, heart rate, arterial oxygen saturation, electrocardiography, urine output, and cerebral oxygen saturation), measurement of hemoglobin or hematocrit is recommended based on estimated blood loss or
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Korean guideline for RBC transfusion clinical signs. This can provide important information necessary for the accurate diagnosis of the patient's condition and for the decision on whether to transfuse RBCs [5, 6] . 1) In case of hemodynamic stability and the absence of acute bleeding, there may be a need to measure a patient's hemoglobin or hematocrit before and after each unit to confirm their condition and decide whether additional RBC transfusion is necessary. Hemoglobin levels reach equilibrium about 15 minutes after completing transfusion in the absence of ongoing active bleeding; thus, hemoglobin levels can be measured as early as 15 minutes after RBC transfusion [91, 92] . Since hemoglobin level is determined by both RBCs mass and plasma volume, the measured hemoglobin level may be falsely higher than the actual level due to hemoconcentration despite considerable blood loss in the case of acute bleeding, or lower than the actual level in the case of hemodilution due to intravenous fluid administration to address hypovolemia. Thus, in case of active ongoing bleeding, it should be considered that hemoglobin levels will not accurately reflect the degree of reduced red cell mass until a stable euvolemic state has been achieved. To improve diagnostic accuracy, determination of hemoglobin or hematocrit levels at shorter intervals should be considered in patients with acute bleeding or hypovolemia. However, since hemoglobin or hematocrit is measured through an invasive blood test, the testing frequency should be determined carefully, considering the patient's discomfort and the blood volume removed for testing [93, 94] .
In the case of acute bleeding, measurement of hemoglobin or hematocrit via near-patient or point-of-care tests may be helpful to rapidly obtain test results and provide the necessary care. However, hemoglobin or hematocrit measured in standard laboratory tests remains the current gold standard.
Transfusion-related adverse reactions
· Recommendation: Since adverse reactions to blood transfusion during and after blood transfusion, such as acute hemolytic transfusion reactions, transfusion-related acute lung injury, transfusion-associated circulatory overload, bacterial contamination, allergic reactions, and citrate toxicity, have been reported, albeit rarely, it is recommended that all patients undergoing blood transfusion are monitored for such adverse reactions (LOE: C, D, G; GOR: I). Before transfusion, the volume, color, and condition of the blood product bag should be visually inspected, and the patient's baseline condition and vital signs should be monitored. Given that severe transfusion reactions, such as anaphylactic reactions, hemolytic transfusion reactions, and septic shock, often occur within the first 15 minutes of initiating blood transfusion, it is recommended to observe the patient's condition for 5-15 minutes and to record all vital signs. This is followed by periodic monitoring of the patient's condition throughout the blood transfusion and checking the patient's condition and vital signs upon completion of transfusion (LOE: C, D, G; GOR: I). Considering the current lack of monitoring tools and methods for accurate diagnosis of transfusion reactions, periodic intraand postoperative monitoring for signs of adverse reactions to transfusion, such as hyperthermia, hemoglobinuria, microvascular bleeding, hypoxemia, respiratory distress, increased airway pressure, urticaria, hypotension, and hypocalcemia, are recom- Evidence summary: Signs of intra-or postoperative adverse reactions related to RBC transfusion include the following: signs of acute hemolytic transfusion reactions such as hyperthermia, hemoglobinuria, and microvascular bleeding; signs of TRALI syndrome or TACO including hypoxemia, respiratory distress, and increased peak airway pressure; signs of bacterial contamination such as hyperthermia and hypotension; signs of allergic reactions such as urticaria; and signs of citrate toxicity such as hypocalcemia (Fig. 2) [5, 6, [95] [96] [97] . 1) Furthermore, several non-randomized comparative studies have reported that RBC transfusion may be associated with a higher risk of infection [98] [99] [100] [101] . Therefore, it is recommended that all patients receiving transfusion are monitored for the occurrence of these transfusion-related adverse reactions. Although evidence on specific monitoring tools or methods for diagnosing transfusion adverse reactions, and the timing and intervals of such monitoring is currently lacking, all selected guidelines recommend checking the patient's blood condition before transfusion, and monitoring for signs of adverse reactions periodically during and after transfusion [5, 6] . 1) Before transfusion, the volume, color, and condition of the bag of blood product delivered from the blood bank should be checked by visual inspection. The blood product tagged with a crossmatch label (there may be no crossmatch label in the case of emergency transfusion) should be checked against the patient's name, admission number, and ABO-RhD group to ensure that all records are identical. The use of proven computer-based devices, such 1) Guidelines on blood transfusion, 4th edition (complete revision in 2016 as a personal digital assistant, can be useful for patient identification during blood transfusion because they can reduce administrative errors. 1) Based on the transfusion protocol of each institution, periodic assessment of vital signs (i.e., pulse rate, blood pressure, body temperature, and respiratory rate) and any signs of an adverse transfusion reactions (i.e., hyperthermia, hemoglobinuria, microvascular bleeding, hypoxemia, respiratory distress, increased airway pressure, urticaria, hypotension, and hypocalcemia) during and after transfusion is recommended. Given that severe transfusion reactions, such as anaphylactic reactions, hemolytic transfusion reactions, and septic shock, often occur within the first 15 minutes of blood transfusion, 2) it is recommended to observe the patient's condition for 5-15 minutes after beginning the transfusion and to record all vital signs. This should be followed by periodically monitoring the patient's condition throughout the blood transfusion and checking the patient's condition and vital signs after completing the transfusion [5, 6] . 1) If there are signs of a transfusion reaction (tachycardia, rash, respiratory distress, hypotension, fever, etc.), it is recommended to stop the transfusion immediately and perform appropriate diagnostic tests [5, 6] . 1) Replacement of intravenous administration sets (i.e., blood bag, tubing, burettes, and extension tubing) and maintaining an intravenous line with 0.9% normal saline for emergency management may be helpful. It should also be considered that abnormal vital signs may have other causes. Treatment options include the administration of antihistamine or steroids. Administration of intramuscular or intravenous adrenaline may be considered in life-threatening situations [6] .
To prevent transfusion reactions, antipyretic analgesics or antihistamines may be administered before initiating the transfusion 1) Guidelines on blood transfusion, 4th edition (complete revision in 2016 
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Korean guideline for RBC transfusion (30 minutes for oral administration and 10 minutes for intravenous administration). However, this method is controversial and is generally not recommended due to a lack of clinical evidence. In particular, there may be side effects of the drugs, which do not cause early signs of transfusion reactions, such as fever and urticaria, and can make early diagnosis of serious transfusion reactions difficult [102] .
If an acute transfusion reaction is suspected, the medical staff and blood bank should be notified thereof, and the transfusion reaction report should be attached to the medical record. Concurrently, the patient should be immediately treated as per protocol of each institution. Further examinations and analyses should be performed after reporting the incident to the blood bank, hospital president (for medical institutions without their own blood bank), or the blood transfusion management committee. The occurrence of specific transfusion adverse effects (AIDS, hepatitis B, hepatitis C, and other infectious diseases) should be reported to the Minister of Health and Welfare by the head of the medical institution, as prescribed by the Ordinance of the Ministry of Health and Welfare. [103] .
Contrary to these methods, a viscoelastic assay may be used as a time-saving point-of-care test, to comprehensively and effectively reflect the clotting condition. Currently, two clinically available point-of-care diagnostic tools are available for the viscoelastic assay: thromboelastometry (ROTEM, TEM International, Germany) and thromboelastography (TEG, Haemonetics Corp., USA). A viscoelastic assay requires less time than conventional lab coagulation tests and has proven efficacy for estimating the necessity of massive blood transfusion in surgical and trauma patients, the incidence of thrombosis and thromboembolism, and mortality [104, 105] . Moreover, viscoelastic assays enable targeted treatment by rapidly monitoring blood coagulation and fibrinolysis, and help to reduce blood product requirements through targeted blood component therapy [52] .
Despite the widespread use of viscoelastic assays, their superiority to standard coagulation tests in terms of patient prognosis has not been reported in the literature, and their clinical feasibility has been questioned by some researchers. In a retrospective study of patients that underwent cardiovascular surgery, the use of viscoelastic assays was associated with reduced blood product transfusion and thromboembolism; however, there was no effect on mortality [106] . A systematic review conducted by Da Luz et al. [107] concluded that viscoelastic assays are useful for predicting blood transfusion requirements when diagnosing early traumatic coagulopathy, but they have no effect on mortality and other important clinical outcomes. In a more recent systematic review, Hunt et al. [108] stated that viscoelastic assays cannot be recommended, given the lack of evidence supporting the accuracy of thromboelastography and thromboelastometry.
There is ongoing debate regarding results obtained with viscoelastic assays and standard coagulation tests. Studies have found that results obtained with these two approaches are consistent to some extent [109] , whereas others have reported discrepancies even between thromboelastography and thromboelastometry [110] . Considering variation in the coagulation process among individual patients and the large deviations in the results among individual institutions, there is a need for disambiguation and standardization of viscoelastic assays. As a complementary strategy, two blood samples may be taken, one of which can be used for viscoelastic assays and the other for standard coagulation tests.
Another limitation of viscoelastic assays is that they are not suitable for detecting and monitoring platelet dysfunction caused by antiplatelet agents. If platelet dysfunction is suspected, point-of-care platelet function tests (e.g., whole-blood impedancemetry, multiple electrode platelet aggregometry [Multiplate] ) may be considered, in addition to standard coagulation tests and viscoelastic assays, to predict the risk of platelet dysfunction [111] .
Conclusion
The present work, the Korean Clinical Practice Guideline for Perioperative Red Blood Cell Transfusion, was developed as a clinical practice guideline tailored to the Korean perioperative setting in consultation with external experts. In developing the guidelines, we adopted the clinical practice guideline development method "adaptation of guidelines" and extracted key questions and recommendations from various related sources regarding the issues surrounding perioperative RBC transfusion, i.e., preoperative anemia management, optimal storage period and use of leukoreduction filters for RBC transfusion, reversal of perioperative bleeding tendency, perioperative RBC transfusion strategies, appropriate blood management protocols, strategies for reducing transfusion requirements, and patient monitoring throughout perioperative transfusion. The present work is limited to perioperative RBC transfusion; however, experience gained through the development of standard clinical practice guidelines is expected to be applied to the development of guidelines in other areas of clinical practice. This guideline will be updated periodically, and additional recommendations will be developed and added. We plan to distribute this work through various channels, such as conferences and publicity activities, so that it can support doctors with decision-making when performing perioperative RBC transfusion at a practical level.
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